Abstract
Introduction
The importance of mass and transport properties of fluids in chemical process industries cannot be overemphasized. Basically, density and viscosity are physical parameters that are sensitive to structural changes in solutions [1, 2] and. Several authors [3, 4] have shown that such properties can be enhanced by mixing the solvents together depending on the nature of the intermolecular interactions between the mixed liquids. Data on viscosities and densities of pure solvents and their binary mixtures are usually employed to calculate excess thermodynamic properties of liquid mixtures. The nature of the intermolecular interactions between constituent liquids of a mixture is then interpreted from the excess properties obtained [5] . Glycols are very interesting solvents owing to the presence of the oxy and hydroxyl groups in the same molecule. Thus, the formation of intra-and intermolecular hydrogen bonds between the -O-and -OH groups of the same or different molecules of glycols is possible. Glycol ethers possess unique properties such as low vapor pressure, low toxicity, low viscosity, high chemical stability, and low melting temperature [6] . As a result, they are important industrial solvents used in the cleaning of exhaust air and gas streams from industrial production plants [6] . Triethylene and ethylene glycols belong to the family of alkyl ethers commonly used as solvents in chemical industry and active ingredients in paints and cleaning compounds such as liquid soaps and cosmetics. They are toxic in humans and when exposed to high levels result in severe liver and kidney damage. Glycol ethers are also used as polar additives in anionic polymerization and automotive brake fluid [7] . Triethylene glycol (TEG) is a dehumidifying agent for air and used in oil and gas industry to "dehydrate" natural gas. It is a solvent and lubricant in textile dyeing and printing; a plasticizer; a raw material for the production of polyester resins and polyols and a constituent of hydraulic fluids. Ethylene glycol (ethane-1,2-diol) is commonly used in many commercial and industrial applications including antifreeze and coolant for gas compressors, heating, ventilating, and air-conditioning systems. Surfactants find extensive applications in industries such as agriculture, pharmaceuticals, food, cosmetics etc. [8] . For instance, surfactants are found to enhance the absorption of a good number of drugs in human body [9, 10] ]. In laundry and other industrial cleaning processes, surfactants are usually employed as they reduce the surface tension of water and thus enhance dissolution and improve tolerance of water hardness [11] . Surfactants are also indispensable in cosmetic industries as they act as anti-irritants in most cosmetic products [12] . Cetyltrimethyl ammonium bromide (CTAB) is an amine based cationic quaternary surfactant and an effective antiseptic agent against bacteria and fungi [13] . CTAB provides a buffer solution for the extraction of DNA in human body [14] . It is also widely used in the synthesis of gold (e.g. spheres, rods, pyramids) and mesoporous silica nanoparticles [15] . In dilute solutions, surfactants act as surface-active agents and adsorb at air-water interface thus greatly reduce the surface tension of water. They also act as strong electrolytes that completely dissociate in solution. Osmotic pressure and viscosity are among other physico-chemical properties of surfactant solutions [16] . As the concentration of a surfactant in solution increases, there will always be a turning point where the solution exhibits abrupt change in these physical and chemical properties. The concentration at this turning point, called the critical micelle concentration (CMC) is a parameter influenced by both the molecular architecture of the surfactant and the nature of the solvent. Solution and performance properties of surfactant solutions are usually governed by the aggregation tendency of the surfactant and thus the CMC. In the past, the interest of researchers was to study the behaviour of surfactants in aqueous bulk solutions and at air-water interface since water acts as a universal solvent. However, in recent times, much interest is being shifted to the influence of surfactants on the volumetric properties of binary mixed solvents as surfactant molecules can associate with solvent mixtures and alter the chemical interactions between the component pure liquids [17] . Several interesting papers on aqueous solutions of surfactants in binary mixtures with organic solvents have been published [18] . However, studies on the role of surfactants on the volumetric properties of mixtures of aqueous and non-aqueous solvents are scarce in literature [18] . Therefore, this work seeks to look at the effects of a cationic surfactant on the volumetric properties of binary mixtures of glycols at different temperatures and surfactant concentrations.
Materials and methods Material
The reagents used include ethylene and triethylene glycol (laboratory reagents) from Qualikems Fine ChemPvt. Ltd. India, cetyltrimethylammonium bromide (98% purity) was purchased from Sigma Aldrich. Deionized water was prepared in our laboratory. The reagents were used as received.
Measurements
The compositions of the binary mixtures ranged from 0.1 to 0.9 mole fraction of ethylene glycol. The exact volumes of the co solvents needed for each mole fraction were calculated from the densities of the pure solvents at 298.15K. All weighings were done using a Sartorius Analytical Balance with a precision of ±10 . Four different concentrations of CTAB (0.2, 0.6, 2.0 and 4.0 mM) were prepared in the binary mixed solvents. The densities of the mixtures at the various mole fractions were first determined at temperatures of 35, 40 and 45 °C. Then, those of the solutions of each CTAB concentration at the varying mole fractions and temperatures were also measured. All measurements were done with a 10ml pyknometer, which was calibrated with doubly distilled water at atmospheric pressure and at the working temperatures. The accuracy of the density measurements was estimated at ±1 x 10 −5 gcm −3
.
Results and discussions
The excess molar volumes, V E , of the binary mixtures were calculated from the measured density data using Eq. 1 3 and 2.267x10 -22 cm 3 respectively), it appears that there was favourable geometric fitting of smaller molecules of ethylene glycol into the larger molecules of triethylene glycol. Strong interactions such as dipole-dipole and dipole-induced interactions may also have contributed to the negative V E values since both ethylene glycol and triethylene glycol are polar solvents and thus will experience specific interactions [19] . Since both solvents contain hydrogen attached to highly electronegative oxygen, strong hydrogen bonding is expected. Thus, the molecules of the two solvents will experience attractive interactions resulting in non-ideal volume contraction hence negative V E values [20] . The variation of excess molar volume of binary mixtures of ethylene glycol and triethylene glycol with temperature in the presence of cetyltrimethyl ammonium bromide, a cationic surfactant follows the same pattern as that of mixtures of the single pure solvents (Figure 2) . That is, the magnitude of V E values decreasing with increasing temperature. Such observation has also been reported by [16] for solutions of sodium dodecyl sulphate in ternary mixtures of methanol, ethanol and n-Propanol at various temperatures. Contrarily [21] have reported increase in negative values of excess molar volumes with temperature for binary mixtures of 2-dimethylamino ethanol with methanol and ethanol. E values are generally negative, their magnitude decreases as the concentration of CTAB increases. CTAB is an amine based cationic surfactant with bulky molecular architecture which may reduce the tendency of the molecules of the two mixed solvents to interact. In general, the trend observed here may indicate that the association of the surfactant with the molecules of one or both solvents reduces the strength of the attractive interaction between the binary mixed solvents. Thus, the non-ideality in the mixture gradually decreases. Therefore, the presence of CTAB disfavours the factors which enhance volume contraction in the binary mixed systems studied.
Conclusion
The influence of a cationic surfactant; cetyltrimethylammonium bromide on the volumetric properties of binary mixed organic polar solvents has been studied using density data at different surfactant concentrations and temperatures. It was observed that the interactions of the molecules of the pure solvents were stronger in solutions without the surfactant than in the presence of the surfactant. Thus, the values of the negative excess volumes were larger for mixed solutions in the absence of the surfactant than in mixed solutions containing CTAB. However, temperature dependence of excess molar volumes shows that the magnitude of V E decreases with increase in temperature as has been observed in many organic solvent mixtures. 4.0mM
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